I. INTRODUCTION
Magnetoplumbites (MBa, MSr, MPb) are interesting materials for both high density recording and microwave/millimeter wave devices because of their high anisotropy along the c-axis, corrosion resistance, mechanical hardness and low optical loss at long wavelengths. Among magnetoplumbites the most extensively studied is Bahexaferrite. However, bulk Sr-ferrite possesses better hard magnetic characteristics than BaM [I] .
Pulsed laser ablation deposition (PLD) is one of the more recent approaches for ferrimagnetic oxide film growth. Compared to other deposition techniques, its key advantage is its ability to reproduce the complex target stoichiometries in the deposited film. This unique feature has been successfully used to deposit Co/Ti doped and pure Bahexaferrite [2-41, r a r e 4 iron garnet [5] and spinel ferrite films [6] .
In this paper we give an account on the magneto-optical and structural characteristics of PLD SrM films on (001) single crystal sapphire substrates, at various temperatures and oxygen pressures. From this study we evaluate the optimum deposition conditions for the growth of high quality SrM films with c axis perpendicular to the film plane.
EXPERIMENTAL PROCEDURES
SrM films were grown on (001) single crystal sapphire (10 mm x 10 mm x lmm ) substrates using the PLD system reported previously [2] . The laser ablation target was a ceramic disc of Ba-doped Sr-ferrite (Srl-xBaxFe1201g with x=0.07). The laser fluence was maintained at about 2 J/cm2 and the target-substrate distance at 3 cm. The substrate temperature (TJ was varied from 700 to 840 O C and the oxygen pressure was kept at 0.1 mbar. Subsequently, in order to investigate the effect of oxygen pressure, the temperature was fixed at 840 "C and the oxygen pressure was varied from 0.01 to 0.5 mbar.
Structural and magneto-optical characterisation of the films was performed using x-ray diffractometry (XRD), Kerr polarimetry, ellipsometry and Kerr magnetometry while information on film morphology was obtained from scanning electron (SEM) and and atomic force (AFM) micrographs. The thickness was measured with a talystep profilometer.
RESULTS AND DISCUSSION
The XRD patterns of two films deposited on sapphire at 780 and 840 "C in oxygen pressure of 0.1 mbar are shown in figure 1. Strong c-axis texture perpendicular to the sapphire basal plane can be found in both films. However, the degree of perpendicular texture appeared to be weakened by the reduction of the temperature, as indmted by the dtminishing intensity and broadening of the (001) peaks. This is consistent with the polar Kerr loops of figure 2, which show an increase in the magnetic field required for saturation with a decrease in substrate temperature. It is speculated from the above peak broadening and the increased coercivity, indicated by the polar Kerr loop, that the film grown at 780 "C has a smaller grain size compared to that grown at 840 OC. In addition, the films, under the influence of an applied field &) of 12.5 KOe, exhibited progressively lower m-o Kerr rotations with decreasing substrate temperature. This is illustrated in figure 3 which gives the polar Kerr rotation spectra in the vicinity of a wavelength 390 nm where large m-o transitions associated with Fe+3 ions are expected to occur. It should be noted that in this wavelength range the material is absorbing and hence the measurements are independent of film thickness. Also, during these measurements, the films were held in a saturation state (Hap = 12.5 KOe) with the exception of the film deposited at 700 OC. For this film slightly higher m-o rotations than those shown in figure 3 are expected to occur when the film is in a saturated state.
Obviously, this increasingly preferred perpendtcular orientation of the polycrystalline material with temperature is For films grown at oxygen pressures above and below 0.1 rnbar, additional diffraction peaks were observed. These peaks were associated with the presence of crystallites of other orientations and/or the presence of secondary phases. Again, corroborative evidence for this assignment is offered by the observation of the surface morphology. The topography of a film grown at 0.01 mbar, shown in fig. 4b , is characterised by rod-shaped grains with their caxes parallel to the substrate surface (c, I) immersed in a medium with its c-axes perpendicular to the Substrate surface (cl). These rod -shaped grains are essentially SrM platelets turned over 90 degrees and are characteristic of all c-axis in plane textured films. The c-axis is along the short dunension of these rods in the plane of the film. The formation of these rod-like shapes can be explained by the growth rate anisotropy of the hexaferrite grains; fast growth along basal directions and slow growth along c-drection [7] . Now, since the cI oriented nuclei grow much faster than the cL ones, in the direction normal to the substrate plane, they soon rise out of the surface of the film giving rise to the morphology of fig.4b . This film displayed primarily a cL texture (strong 001 peaks) but some addtional peaks were also present arising from the c I I grains. In addtion, both the coercivity @ = 1000 Ck) and remanence ratio (SQ = M/Ms = 0.21, as determined from the polar Kerr loop of fig. 5a , were substantially lower compared wth those for films deposited at 0.1 mbar (Hs= 2200 Oe and SQ = 0.5) It should be noted that at pressures substantially less than 0.1 mbar the SrM phase was not formed due to incomplete oxygenation. Films deposited at oxygen pressures substantially higher than 0.1 mbar not only &splayed aMtional peaks but they also had surfaces which were sufficiently rough to produce slightly hazy appearance to the eye due to the non specular reflection of the light. Films grown at 0.5 mbar, exhibited a more open loop to those grown at 0.1 mbar, together with an increase in the field required for saturation as shown in figure 56 . It is inferred that at high oxygen pressures the perperxbcular texture decreases. This pressure effect can be understood bearing in mind that the hnetic energies of the ablated species are decreased due to the collisions with oxygen before reaching the substrate. It is clear, from the comparison of these results that there is a narrow operational window of useful oxygen pressure, centred at 0.1 mbar, for obtaining well oriented Srferrite films with smooth surfaces.
The m-o performance in terms of Kerr rotation and ellipticity for Sr-ferrite films deposited at 0.1 mbar and 840 O C was compared with predictions based on the available fundamental constants of the bulk Ba-hexaferrite material. Since Sr and Ba have similar ionic radii no remarkable changes in the bulk m-o properties of BaM are to be expected by the replacement of a Ba ion with Sr.
Such a comparison was used as a practical means to determine indirectly the fundamental constants of the PLD films and evaluate their quality. It is clear from figure 6 that the agreement is very good, the overall trends and spectral position of the peaks is reproduced in both experimental and theoretical curves suggesting that the films have m-o properties similar to the bulk material. It is concluded, that films deposited at oxygen pressures of 0.1 mbar and at substrate temperatures of 840 OC were adherent and fully dense and showed good crystal texture and morphology.
IV. CONCLUSIONS
Substrate temperature and oxygen pressure have been optimised for the production of high quality PLD Srhexaferrite films on (001) sapphire substrate. Structural and magneto-optical studies revealed an increasingly strong preferred orientation of the polycrystalline material with c-axes perpendicular to the substrate surface as the temperature increased. At oxygen pressures above and below 0.1 mbar the degree of c-axis orientation decreased. Furthermore, at hgh oxygen pressures the films developed a rough appearance. Films prepared at substrate temperatures of 840 ' C and in oxygen pressures of about 0.1 mbar were found to be well oriented with smooth surfaces and bulk m-o properties.
